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EFFECTS OF CALORIC RESTRICTION ON SKIN AND HAIR GROWTH
IN MICE*t
LOIS A. LOEWENTHAL, Px.D4 AND WILLIAM MONTAGNA, PH.D.
Depending upon the condition of the skin, the growth of hair may be delayed
or completely inhibited in the mouse by restricting its caloric intake. Caloric
restriction also causes a retardation of the rate of hair growth and a delay in the
time of appearance of the new hair coats in rats (1, 2). Since the skin normally
undergoes changes in thickness (3) during the periods of growth and rest of
hair follicles, the changes which are induced experimentally in the skin of one
animal can be compared with those of another only if the condition of the skin is
the same in both animals. This paper reports the effect of caloric restriction on
the growth of hair, the precise state of growth of which was known at the be-
ginning of the experiment.
METHODS
In 8 female C57 black mice, about 6 weeks old, the club hairs on the left side
of the back were plucked to stimulate growth of the plucked follicles. The right
side of the back was shaved with electric clippers so that any spontaneous wave
of hair growth could be detected at once. This was done to all of the animals on
the same day. Two animals were placed on a daily diet of 13' grams of ground
laboratory chow, each the same day they were plucked and clipped. A second
pair was placed on this regimen 3 days later, a third pair 5 days later, and a
fourth pair 9 days later. Since plucking of club hairs initiates growth of their
follicles, the plucked hair follicles had been growing 0, 3, 5 and 9 days respec-
tively at the time the animals were placed on the restricted regimen. Observa-
tions on the condition of the skin and the weights of the animals were recorded
daily. Twenty-one days after plucking, biopsy specimens from the clipped and
plucked sides of each animal were fixed in Helly's fluid, embedded in paraffin
and sectioned at 5 i. Glycogen was studied by treating sections with the periodic
acid-Schiff technic of McManus (4); control sections were digested in saliva for
15 minutes before staining. The Schiff-reactive material which was eliminated
by saliva was considered to be glycogen. Basophilic and metachromatic sub-
stances were studied in sections stained in 0.05 % toluidin blue buffered to pH
5.0 (5).
After skin biopsy specimens were removed, one animal of each pair was given
laboratory chow ad libitum. The other was maintained on the restricted diet
for another month, after which it also was given food ad libitum.
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OBSERVATIONS
The developmental cycle of the hair follicle is composed of a period of active
growth, anagen, a brief transitional phase during which the hair club is formed,
catagen, and the resting stage, telogen (6). Anagen has been further divided into
6 substages (7).
In the animals which were placed on the calorically restricted diet immediately
after the resting hairs had been plucked and clipped, there was no regrowth of
hair. The hair follicles remained inactive, the sebaceous glands were small and
the epidermis was mainly one cell thick. The panniculus adiposus was greatly
diminished. In the one animal maintained on this regimen for 2 months the skin
remained very thin, and the wounds from the biopsy specimens removed after
21 days had not healed. At the end of 2 months this animal was given food ad
libitum. Five days after this, the skin on the plucked side became dark, due to
the increased pigmentation of the growing hairs. After 12 days, the skin on the
clipped side also became dark. The wounds healed coincidental with the re-
growth of hair. Hair growth progressed at a normal rate.
The second pair of animals was placed on the restricted diet three days after
plucking and clipping, at a time when the hair follicles in the plucked areas
showed an elongation of the "hair germ". Six days later the anterior end of the
plucked area bore small dark patches. At the end of 18 days (21 days after
plucking) the sparse regrown pelage had reached a length of 1 to 2 mm. Histolog-
ically, some of the follicles had not advanced beyond early anagen and other
were in anagen VI. The follicles in anagen VI, or in full growth, however, had a
very narrow diameter, and the bulbs were small. The adipose layer was very
shallow. The biopsy wounds did not heal. When the animals were given food
ad libitum the hair on the plucked side began to grow normally, well ahead of a
spontaneous wave which subsequently occurred on the clipped side, and the
wounds healed.
The third pair of animals was calorically restricted 5 days after plucking and
clipping. At this time the hair follicles on the plucked side were in anagen III.
The skin became dark 7 days after plucking, and by 21 days (16 days after the
start of caloric restriction) the hairs were only 3 mm long. Most of the hair
follicles were in anagen VI but some were in catagen. The diameter of each hair
was somewhat narrower than normal. The epidermis was one cell thick and the
sebaceous glands seemed normal. The dermis was relatively normal but the
adipose layer was very thin. When these animals were given a normal amount of
food, the pigmentation of the growing hairs made the skin appear dark first
on the plucked side and several days later on the clipped side. On the plucked
side, the hairs reached their full length 21 days after refeeding.
The last pair of animals was calorically restricted 9 days after plucking and
clipping. At that time, the hairs on the plucked side had just pushed through
the surface of the epidermis. Twenty-one days after plucking (12 days after the
start of caloric restriction) when biopsy specimens were taken, the hairs were 6
to 7 mm long, which is the normal length for this strain of mice, the hair follicles
were in catagen, and the hair growth cycle was completed. The bulbs had trans-
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formed into strands of epithelial cells and club hairs had formed. The dermal
papillae had been released from the bulbs and had become rounded balls of cells.
The follicles had begun to move upward but the clubs were still below the normal
resting level. The sebaceous glands were normal, the epidermis was one or two
cells thick and the adipose layer was thin.
In all of these mice, regardless of the state of inanition, the external sheaths
of growing hair follicles contained glycogen, but the external sheaths of resting
follicles contained none. All of the recognizable fat cells in the panniculus adi-
posus contained glycogen amassed in the cytoplasm surrounding the fat vacuoles.
These cells resembled those of polylocular fat more closely than those of white
fat.
DISCUSSION
In albino rats chronic inanition causes a retardation of hair growth (1), and
underfeeding of weanling rats causes a delay in the time of appearance of the new
hair coats (2). Whereas the second coat of hair normally appears when rats are
32 days old, the new coat does not appear until 73 days, if the animals are fed
only 4 grams of food daily. Even then, the hair grows unevenly and slowly over
the back.
When the food intake of mice is reduced by one half, new hair does not grow
spontaneously and even plucking of club hairs is ineffective in initiating a growth
of hair. In animals placed on the restricted diet immediately, or 3 days after
plucking of the club hairs, the hair follicles remain inactive and show no change
21 days later, when in animals on a normal diet the hairs would have completely
regrown. In these mice, initiation of hair growth has been delayed. Hair begins
to grow on the plucked side immediately after these animals are given food ad
libitum. On the clipped, control side the hair follicles do not become spontane-
ously active until a week or more after refeeding. In animals placed on caloric
restriction 5 days after plucking, the hair follicles are completing their growth
cycle 21 days after plucking. The hairs, however, are shorter than normal. Inas-
much as the hairs do not attain their full length 21 days after plucking, the rate
of growth of these hairs is retarded. In contrast to these animals which show an
inhibition of the initial growth and a retardation of the rate of growth, animals
calorically restricted 9 days after plucking, show no particular effect of the inani-
tion on hair growth. This seems to be particularly significant since all of the
growth which takes place during the first 6 to 7 days in a hair follicle is con-
cerned with the building up of the structure of the hair follicle. Thus, once the
hair follicle is completely established, the experimental conditions of this in-
vestigation are not sufficient to inhibit hair growth, since the follicle is fully
equipped to produce hair, regardless of the caloric restriction. The particular
mechanism which provides this impetus for growth may reside in the large store
of glycogen in the outer sheath of hair follicles (8), and in the ability of the fol-
licle to store glycogen. Let us emphasize that regardless of the nutritional state
of the animal, as long as a follicle is growing, it contains glycogen.
Epidermal mitotic activity is depressed by underfeeding and almost eliminated
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by chronic inanition (9, 10, 11). Thus, the most critical factor in determining the
epidermal mitotic rate is the energy supply (12). If energy supplies are sufficient
to support oniy reduced mitotic activity, growth of hair must occur at a com-
parably reduced rate.
The skin of calorically restricted mice is extremely thin, particularly the
"nutritive" adipose layer. In normal mice the adipose layer is very thick during
periods of hair growth and nearly depleted of fat during the period of hair follicle
rest (3). During caloric restriction, fat stores in the skin are mobilized, and the
energy supplies necessary for growth of the hair are not available.
The appearance of glycogen in the cells of the scanty adipose layer during
caloric restriction is interesting because glycogen is not normally found there.
In rats which have been chronically starved, glycogen is regularly found in the
adipose tissues when they are refed ad libitum diets rich in carbohydrates (13).
Glycogen disappears when the deposition of fat is completed. Glycogen has also
been found in the adipose tissues of rats after the administration of insulin (14).
It has been suggested that under conditions which favor the deposition of fat,
adipose cells synthesize glycogen, which is then converted to fat. During in-
anition of mice, the fat normally present in the panniculus adiposus is evidently
mobilized but the cells seem to retain the ability to store glycogen which is main-
tained as a transient or mobile store of energy.
SUMMARY
In mice placed on a calorically restricted regimen, the growth and replacement
of hair is markedly affected. The effect obtained depends on the condition of the
skin at the time when the animals are placed on the restricted diet. If the food
intake is reduced immediately after club hairs have been plucked, hair growth
is inhibited or delayed. If, on the other hand, mice are placed on a calorically
restricted regimen 5 or 9 days after growth of the hair has been initiated by pluck-
ing, hair growth is only retarded. In both cases, the adipose layer of the skin is
extremely thin due to a loss of fat from the tissue cells. These fat cells contain
glycogen and resemble closely the cells of polylocular fat. It is suggested that the
inhibition or retardation of hair growth is associated with insufficient energy
supplies.
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